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(57) ABSTRACT

The present disclosure relates to chemical synthesis. Various
embodiments of the teachings thereolf may include the
synthesis of methanol, generated from hydrogen and a
carbonaceous gas. For example, a method may include:
compressing gaseous starting materials to an operating pres-
sure of at least 200 bar; supplying the starting materials to
a synthesis reactor; removing a product mixture from the
synthesis reactor in a liquid state; withdrawing mechanical
energy Irom the product mixture by reducing a pressure of
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the product mixture; and using the mechanical energy to
compress the gaseous starting materials.
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PROCESS AND SYSTEM FOR CHEMICAL
SYNTHESIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of

International Application No. PCT/EP2016/067861 filed Jul.
2’7, 2016, which designates the United States of America,
and claims priority to DE Application No. 10 2015 214
943 .9 filed Aug. 5, 2015, the contents of which are hereby
incorporated by reference 1n their entirety.

TECHNICAL FIELD

The present disclosure relates to chemical synthesis. Vari-
ous embodiments of the teachings thereof may include the
synthesis of methanol, wherein methanol 1s generated 1n a
synthesis reactor out of the starting materials of hydrogen
and a carbonaceous gas.

BACKGROUND

The increasing generation of electricity from renewable,
fluctuating sources of energy (solar and wind energy) may
occasion periods 1n which the rate of electricity generation
exceeds the contemporaneous rate of electricity consump-
tion. The then inexpensively available surplus electricity can
be used 1n such periods to produce, for example, hydrogen
via a hydrogen electrolysis. Adding a carbon source, for
example carbon dioxide CO2, will then also make possible
the production of synthesis products such as methanol. The
chemical reaction used for this 1s as follows:

CO»+3 H,->CH,;OH+H->0 (reaction formula 1)

The chemical equilibrium 1n this reaction 1s largely on the
left-hand side, resulting under customary reaction conditions
of 200 to 300° C. and 30 to 80 bar pressure 1n but a very low
degree of conversion for the starting materials passing
through the reactor. Increasing the reaction pressure, how-
ever, causes the reaction equilibrium to shift to the right-
hand side, as known from Tidona, B. et al. (2013), “CO2
hydrogenation to methanol at pressures up to 950 bar”,
Journal of Supercritical Fluids 78, pp. 70-77. Even just a
pressure of about 300 bar will cause a nearly complete
displacement of the reaction equilibrium onto the side of the
products, methanol and water. High conversions are thus
achieved for a single pass through the synthesis reactor.
Being 1n liquid form, the reaction products of methanol and
water are withdrawable from the equilibrium-limited metha-
nol synthesis reaction 1n a continuous manner. The process
described 1s disadvantageous because the high energy
requirements for compressing the hydrogen and carbon
dioxide starting materials to the desired pressure make
commercial practice distinctly unattractive. The same prob-
lem also presents with other chemical types of synthesis
processes where liquid products are formed under high
pressure.

SUMMARY

The teachings of the present disclosure may enable a
synthesis process and apparatus for said synthesis which
reduce the disadvantage of the extant processes. For
example, some embodiments may include a process for
chemical synthesis having the steps of: compressing gaseous
starting materials to an operating pressure of at least 200 bar,
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supplying the starting materials to a synthesis reactor (11),
removing irom the synthesis reactor (11) a product mixture
which 1s liqud, and withdrawing mechanical energy from
the product mixture by pressure reduction and using the
energy 1n the step of compressing the starting materials.

In some embodiments, the product mixture 1s at least
partly transferred into the gaseous phase before the step of
withdrawing energy.

In some embodiments, the compressing step uses a piston
type compressor (12) wherein to at least partly gaseous parts
of the product mixture are introduced for withdrawing the
energy.

In some embodiments, the step of withdrawing the energy
from the at least partly gaseous product mixture uses a
turbine apparatus (22), while at least parts of the product
mixture are routed through the turbine apparatus (22) for
withdrawing the energy.

In some embodiments, a generator connected to the
turbine apparatus (22) 1s used for generating electric energy
and at least some of the electric energy 1s used for the
compressing step.

In some embodiments, a compressor mechanically
directly connected to the turbine apparatus (22) via a shaft
1s used for the compressing step.

In some embodiments, to at least partly transier the
product mixture into the gaseous phase, the product mixture
1s expanded to lower pressure 1n a valve (15) and belore,
during and/or after said expansion, heat 1s withdrawn from
the synthesis reactor (11) and supplied to the product mix-
ture.

In some embodiments, to withdraw the energy from the at
least partly gaseous product mixture, two or more turbine
apparatuses (22, 31) are traversed.

In some embodiments, before traversing each of the
turbine apparatuses (22, 31), the product mixture has heat
supplied to 1t out of the synthesis reactor (11).

In some embodiments, the starting materials used are
hydrogen and a carbonaceous gas and the product mixture
comprises methanol and water.

As another example, some embodiments may include an
apparatus (10) for chemical synthesis with: a facility (12) for
compressing starting materials to an operating pressure of at
least 200 bar, a synthesis reactor (11), means for supplying
the starting materials to the synthesis reactor (11), means for
removing ifrom the synthesis reactor (11) a product mixture
which 1s liquid, and a facility for withdrawing mechanical
energy from the product mixture and transmitting the energy
to the facility (12) for compression.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous elaborations will become apparent
from the following description. In the drawings:

FIG. 1 shows in schematized form an apparatus for
methanol synthesis using a piston-type compressor, accord-
ing to teachings of the present disclosure;

FIG. 2 shows in schematized form an apparatus for
methanol synthesis using a turbine apparatus, according to
teachings of the present disclosure; and

FIG. 3 shows in schematized form an apparatus for
methanol synthesis using a multi-stage process for electric-
ity generation, according to teachings of the present disclo-
sure.

DETAILED DESCRIPTION

The teachings of the present disclosure may include a
synthesis process wherein gaseous starting materials are
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compressed and brought to an operating pressure of at least
200 bar, especially between 250 bar and 500 bar. The

starting materials react 1n the synthesis reactor to form a
product mixture which 1s at least largely liquid in the
synthesis reactor. The product mixture, which typically also
contains small admixtures of the starting materials 1 dis-
solved form, 1s removed from the synthesis reactor. The
product mixture further has mechanical energy withdrawn
from 1t by pressure reduction. This energy 1s used for
compressing the starting materials.

The corresponding apparatus for chemical synthesis may
comprise a facility for compressing starting materials to an
operating pressure of at least 200 bar. The apparatus further
comprises a synthesis reactor, means for supplying the
starting matenals to the synthesis reactor and means for
removing from the synthesis reactor a product mixture
which 1s liquid. The apparatus lastly comprises a facility for
withdrawing mechanical energy from the product mixture
and transmitting the energy to the facility for compression.

The synthesis processes and the apparati described herein
may reduce the energy that needs to be supplied from the
outside. The reason 1s that at least some of the energy
necessary to compress the starting materials to the required
pressure 1s withdrawn from the product mixture. The fact
that the 1mitial pressure of the starting materials 1s high 1s
advantageous for this, since a lot of mechanical energy is
then withdrawable from the liquid product mixture.

In this case, the wvarious embodiments described are
combinable with the features of any other or preferably also
with those from two or more embodiments described.
Accordingly, features yet additionally providable are as
follows:

The product mixture 1s at least partly transferred into the

gaseous phase before the step of withdrawing energy.

The facility for withdrawing the energy may be, for
example, a turbine, a screw-type expander or a piston-
type expander.

The compressing step may use a piston type compressor
wherein to gaseous parts of the product mixture as
drive gas are introduced for withdrawing the energy.
Here the product mixture advantageously drives the
compressing step directly without diversion via an
interconnected form of energy such as, for example,
clectric energy.

The step of withdrawing the energy from the at least
partly gaseous product mixture may also use a turbine
apparatus. Here, gaseous parts of the product mixture
are routed through the turbine apparatus for withdraw-
ing the energy and thus provide kinetic energy. The
kinetic energy, can then be used to generate electric
energy using a generator mechanically connected to the
turbine apparatus. At least some of the electric energy
1s then used for the compressing step. The advantage
here 1s that the electric energy can be used for many
pUrposes.

The turbine apparatus can be mechanically directly con-
nected to a compressor via a shait, which compressor
1s used for compressing the starting materials. Here the
compressing step likewise works without diversions
via electric energy.

To at least partly transfer the product mixture nto the
gaseous phase, the product mixture can be expanded to
lower pressure 1n a valve. Further, before, during and/or
alter said expansion, heat can be withdrawn from the
synthesis reactor or from the product mixture itself, at
an upstream point, and supplied to the product mixture.
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The step of withdrawing the energy from the at least
partly gaseous product mixture may also be aflected 1n
two or more stages. In this case, two or more turbine
apparatuses are traversed following removal of the
product mixture. Here before traversing each of the
turbine apparatuses, the product mixture can have heat
supplied to it out of the synthesis reactor, to raise the
gaseous Iraction of the product mixture and/or achieve
some superheating.

The process 1s particularly suitable for a methanol syn-
thesis where a carbonaceous gas, especially carbon
dioxide, and hydrogen are used as starting materials.
The starting materials react in the synthesis reactor in
accordance with reaction formula 1 to some extent to
form methanol and water.

FIG. 1 shows a first example apparatus 10 for methanol
generation according to teachings of the present disclosure.
The apparatus 10 1s supplied with starting materials in the
form of carbon dioxide 13 and hydrogen 14. Said hydrogen
14 comes from an electrolysis apparatus 1n the present
example. Water may be split into hydrogen and oxygen 1n
the electrolysis apparatus not depicted 1n FIG. 1. Electricity
from renewable energies may be used along with surplus
clectricity as produced when a large offering of renewable
energies exceeds a simultaneous low demand for electricity.

The starting materials are fed to a piston-type compressor
12 1n the first step. The piston-type compressor 12 com-
presses the starting materials to an operating pressure of 300
bar. It 1s under this pressure that the starting materials are
fed, by a feedline, into the synthesis reactor 11. Inside the
synthesis reactor 11 1s where the conversion into methanol
and water as per the reaction formula 1, mentioned at the
outset, takes place. While the starting materials remain
gaseous at the operating pressure of 300 bar, the products
methanol and water are liquid at this pressure and the
employed temperatures of 200° C. to 300° C. They therefore
collect mto a collection zone 17 and are removable from
there out of the synthesis reactor 11. The precise form of
reaction management within the synthesis reactor 11 may
take on various forms and may include any appropriate
systems or methods.

The product mixture of methanol, water, by-products, and
admixtures of the starting materials 1s led 1 a removal line
16 to a valve 15 where the product mixture 1s expanded to
a lower pressure of, for example, 100 bar. Here, depending
on the remaining temperature and pressure, the product
mixture may quickly become partly gaseous downstream of
the valve 15. A heat exchanger 18 in the synthesis reactor 11
and a heat exchanger 19 coupled thereto are used to with-
draw heat from the synthesis reactor 11 and supply 1t to the
product mixture downstream of the valve 15, rendering a
turther portion of the product mixture gaseous. The gaseous
portion ol the product mixture 1s then supplied to the
piston-type compressor 12 and there drives the step of
compressing the starting materials. In eflect, the pressurized
product mixture serves as driving medium for compressing
the starting materials via a mechanical piston-type system.
Subsequently, the product mixture 1s sent for turther work-
mng-up.

The heat exchanger 18 in the synthesis reactor 11 may be
embodied as, for example, part of the cooling set-up, not
depicted, for the synthesis reactor 11. The cooling set-up 1s
used to maintain the temperature 1n the synthesis reactor 11
in the desired range as the exothermic reaction of reaction
formula 1 proceeds. Since heat 1s removed 1n any case, this
heat may be used to supply heat to the product mixture and
thus transfer major proportions into the gaseous phase.
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Multiple advantages are realized 1n the manner described:
first, the methanol synthesis may be carried out at an
operating pressure that allows the products to become liquid.
As a result, the reaction products of reaction formula 1 may
be constantly withdrawn from the reaction, causing the
position of the equilibrium to shift substantially in the
direction of the products. As a result, the reaction products
do not have to be passed through the synthesis reactor 11
more than once for a good conversion to be attained. The
increased mvestment of energy to provide the starting mate-
rials at the operating pressure of 300 bar 1s in turn earned
back by making use of the energy of the product mixture,
which 1s likewise under the high operating pressure. At the
same time, the rejected heat of the synthesis reaction 1s also
made advantageous use of by supplying it to the product
mixture.

A further working example 1s depicted 1n FIG. 2. The
apparatus 20 ol FI1G. 2 corresponds 1n parts 1n this case to the
apparatus 10 of the first working example. In contradistinc-
tion to the apparatus 10, however, the apparatus 20 of the
second working example includes a further heat exchanger
21, located 1n the removal line 16 upstream of the valve 15.
Said heat exchanger 21 withdraws heat from the product
mixture and resupplies 1t in the heat exchanger 19 down-
stream of the valve 15.

The product mixture i this working example may be
turther supplied to a turbine apparatus 22 to drive the step of
compressing the starting materials. The turbine apparatus 22
may be directly coupled mechanically via a shait to a
compressor 23, which compresses the starting materials to
the working pressure. In some embodiments, the turbine
apparatus 22 may be concurrently also used to generate
clectricity by additionally connecting 1t to a generator,
which, however, 1s not shown in FIG. 2. The generator may
also be embodied as an engine or motor and hence addi-
tionally provide electric energy from an external source for
COmpression purposes.

Since the product mixture 1s under an appreciable oper-
ating pressure, the exploitation of the energy may be further
improved by using a multi-stage process. A corresponding
apparatus 30 according to a third working example of the
invention 1s depicted 1n FIG. 3. The apparatus 30, like the
above-described apparatuses 10 and 20, contains a synthesis
reactor 11 having a collection region 17 and a heat
exchanger 18 at the synthesis reactor 11.

The step of supplying the starting materials to the syn-
thesis reactor 11 1s not shown 1n the apparatus 30 of the third
working example. Here, 1n a manner similar to that for the
second apparatus 20, the product mixture 1s supplied to a
turbine apparatus 22 while upstream thereof heat from the
synthesis reactor 11 1s supplied by means of the heat
exchanger 19. After passage through the turbine apparatus
22, however, and 1n contradistinction to the above-described
apparatuses 10 and 20, the product mixture may be supplied
to a further turbine apparatus 31 and before entry into the
turther turbine apparatus 31, the product mixture 1s supplied
with further heat from the synthesis reactor 11 by means of
a further heat exchanger 32.

The two-stage process here may also be extended to more
than two stages. The turbine apparatuses 22 and 31 therein
teed, directly or indirectly, as already described, the step of
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compressing the starting materials and expediently also, for
example, a generator for generation of electric energy. The
step of compressing the starting materials may also be
allected 1n two or more stages.

In a simplified embodiment, operation 1s also possible
without the valve 15. In this case, the product mixture 1s not
transierred into the gaseous phase but 1s instead supplied
directly i liqud form to an engine such as, for example, a
turbine. Partial vaporization of the products in the product
mixture may occur in the engine owing to the high tem-
perature ol the product mixture. This may be tolerated;
alternatively, however, the product mixture may also be
cooled with an interconnected heat exchanger before being
routed into the engine.

What 1s claimed 1s:

1. A method for chemical synthesis, the method compris-
ng:

compressing gaseous starting materials to an operating

pressure of at least 200 bar;

supplying the starting materials to a synthesis reactor;

removing a product mixture from the synthesis reactor 1n

a liquid state;

at least partially converting the product mixture nto a

gaseous phase;

withdrawing mechanical energy from the at least partially

gaseous product mixture by reducing a pressure of the
product mixture; and

using the mechanical energy to compress the gaseous

starting materials.

2. The method as claimed 1n claim 1, wherein compress-
ing the gaseous starting materials includes using a piston
type compressor.

3. The method as claimed i1n claim 1, wherein withdraw-
ing mechanical energy from the at least partly gaseous
product mixture includes using a turbine apparatus and at
least part of the product mixture 1s routed through the turbine
apparatus for withdrawing the energy.

4. The method as claimed in claim 3, further comprising
using a generator connected to the turbine apparatus for
generating electric energy and at least some of the electric
energy 1s used for the compressing step.

5. The method as claimed 1n claim 3, further comprising
using a compressor mechanically directly connected to the
turbine apparatus via a shaft for compressing the gaseous
starting materials.

6. The method as claimed 1n claim 1, wherein at least
partly converting the product mixture 1nto the gaseous phase
includes expanding the product mixture to a lower pressure
in a valve withdrawing heat from the synthesis reactor to
supply the heat to the product mixture.

7. The method as claimed in claim 1, further comprising
engaging two or more turbine apparati to withdraw the
mechanical energy from the product mixture.

8. The method as claimed in claim 3, further comprising
supplying heat out of the synthesis reactor to the product
mixture before it traverses a turbine apparatus.

9. The method as claimed 1n claim 1, wherein the product
mixture includes methanol and the starting materials com-
prises hydrogen and a carbonaceous gas.

% o *H % x
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